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A mode located at 421.8 cm -1 represents an out-of-plane vibration for the S atoms whereas the 1 2 g E mode located at 356.9 cm -1 comprises the in-plane displacement of W and S atoms, and the secondorder phonon mode is labeled as the 2LA. Figure S2 , implying the in-plane vibration is decreased compared to the out-of-plane vibration, which should be due to the sub-grain disorientation or smaller-sized crystallites of the WS2 film grown on GaN substrate. Figure S3 . Schematic diagram of the experimental setup used for the growth of WS2 thin films. transfer fabrication method, and the oscillations the carrier mobility of WS2 thin film were at an acceptable level. 3 group data of carrier mobility of WS2 thin film at the same growth condition and turn-on voltage of 3 different kind of p-n junctions are listed in the Table S2 and Table S3 . 
